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ABSTRACT
Hack C reek , a minor i n l e t - b a s i n  d r a in a g e  sy s te m  a s s o c i a t e d  w i t h  th e  
Potomac R iv e r  E s tu a r y ,  i s  t y p i c a l  o f  d r a in a g e  sy stem s found throughout  
th e  V i r g i n i a  C o a s t a l  P l a i n .  I t  i s  p o s t u la t e d  t h a t  th e  s u b - e s t u a r i e s  
( s e c o n d  or t h i r d  ord er  t r i b u t a r i e s ) ,  minor i n l e t  b a s i n s ,  and ephem eral  
pond sy s te m s  a re  e v o lu t io n a r y  s t a g e s  o f  f l u v i a l  d r a in a g e  sy stem s drowned 
d u rin g  a t r a n s g r e s s i o n  and d e v e lo p ed  in  r e sp o n s e  t o  v a l l e y  c u t s  d u r in g  
r e g r e s s i o n  o f  th e  s e a .  Hack C reek , as i t  e x i s t s  to d a y ,  r e p r e s e n t s  th e  
m id d le  or secon d  s t a g e  o f  e v o l u t i o n  du r in g  t h e  e n su in g  m arine  
t r a n s g r e s s i o n .
A s u b -b o tto m , s e i s m ic  r e f l e c t i o n  su rvey  com p le ted  in  1985 
d e l i n e a t e d  a com plex p a le o c h a n n e l  sy stem  a d j a c e n t  to  Hack Creek and th e  
t h r e e  ephem eral ponds to  th e  e a s t  and w e s t  o f  Hack C r e e k 's  i n l e t .  These  
p a le o c h a n n e ls  proved t o  b e  th e  rem ains o f  a d e n d r i t i c  d r a in a g e  sy stem  
c o n t ig u o u s  w i t h  t h e  a c t i v e  d r a in a g e  o f  th e  s tu d y  area  and t r i b u t a r y  to  
th e  a n c e s t r a l  Potomac R iv e r .  The su rv ey  a l s o  l o c a t e d  t h r e e  l a r g e  
p a le o c h a n n e ls  a d ja c e n t  t o  Hack Creek which  can  be  a s s o c i a t e d  w i t h  th e  
a n c e s t r a l  Potomac R iv e r .  The Hack Creek p a le o c h a n n e l  com plex i s  l o c a t e d  
in s h o r e  o f  two o f  th e  Potomac R iv e r  p a le o c h a n n e ls  and i s  u n d e r la in  in  
p a r t  by th e  t h i r d .  S u p e r p o s i t io n  o f  th e  Hack Creek p a le o c h a n n e l  sy s tem  
and th e  s h o r e l i n e  fo r m a t io n s  i n d i c a t e  th e  t h ir d  Potomac R iv e r  
p a le o c h a n n e l  ( p r e v i o u s l y  u n r e p o r ted )  t o  be pre-Tabb ( l a t e  P l e i s t o c e n e ) ,  
or  o l d e r  in  a g e .  The su b -b o ttom  s e i s m ic  su r v e y  d a ta  i n d i c a t e  t h a t  none  
o f  th e  Hack Creek p a le o c h a n n e ls  t e r m in a te  in  or n ear  th e  pre-Tabb  
c h a n n e l .  V ib r a c o r e  d a ta  w i t h i n  th e  s tu d y  a rea  v e r i f i e d  t h a t  th e  Hack 
Creek d r a in a g e  sy s tem  i n c i s e d  i n t o  th e  fo r m a t io n s  o f  th e  Chesapeake  
Group d u r in g  i t s  f l u v i a l  phase  and ter m in a te d  in  th e  Potomac R iv e r  
p a le o c h a n n e l  4 km o f f s h o r e  o f  th e  p r e s e n t  Hack Creek i n l e t .  The e n t i r e  
sy s te m  d i s p l a y s  o n ly  one g r a d a t io n a l  s u c c e s s i o n  o f  s e d im e n t s ,  t h o s e  
d e p o s i t e d  d u r in g  th e  l a t e  P l e i s t o c e n e  and H o locen e  r e g r e s s i v e -  
t r a n s g r e s s i v e  c y c l e .  These d a ta  v a l i d a t e  t h a t  Hack Creek and i t s
a s s o c i a t e d  d r a in a g e  sy stem s a r e  o f  l a t e  P l e i s t o c e n e  o r i g i n .  Thus a
c o n t in u o u s  g e o l o g i c  h i s t o r y  o f  Hack Creek i s  p r e s e r v e d  in  th e
se d im e n ta ry  r e c o r d ,  which can be u t i l i z e d  t o  d e f i n e  th e  e v o l u t i o n  o f
o t h e r  H o locen e  d r a in a g e  s y s te m s .
x
GEOLOGICAL HISTORY OF A HOLOCENE DRAINAGE SYSTEM 
HACK CREEK, VIRGINIA
INTRODUCTION
G en era l  S ta tem en t
The p u rp ose  o f  t h i s  s tu d y  i s  t o  d e term in e  th e  g e o l o g i c  h i s t o r y  o f  a 
H o lo c e n e ,  t i d a l - c r e e k  s y s te m . Hack C reek , a b r a c k i s h - w a t e r  e s t u a r y ,  i s  
a c l a s s i c  exam ple o f  a drowned prim ary d r a in a g e  sy s tem  e x e m p l i fy in g  th e  
a c t i v e  d r a in a g e  o f  th e  V i r g i n i a  C o a s t a l  P l a i n  ( F ig u r e  1 ) .  The p r i n c i p a l  
q u e s t io n s  a d d r e ssed  in  t h i s  s tu d y  a re  when d id  a d r a in a g e  f i r s t  d e v e lo p  
and what e v o lu t i o n a r y  phase  does th e  p r e s e n t  sy s te m  r e p r e s e n t .
Hundreds o f  k i lo m e t e r s  o f  su b -b ottom  p r o f i l e  t r a c k s  have been  
c o l l e c t e d  in  th e  Chesapeake Bay and i t s  t r i b u t a r i e s .  The c o u r s e s  o f  
p a le o d r a in a g e  f o r  th e  major r i v e r s  in  th e  Chesapeake Bay have b een  
e s t a b l i s h e d ,  and th e  f a c t  t h a t  th e  p r e s e n t  Chesapeake Bay and i t s  
t r i b u t a r i e s  a r e  th e  drowned v a l l e y s  o f  th e  Susquehanna and o t h e r  r i v e r s  
a c t i v e  d u r in g  th e  l a t e  P l e i s t o c e n e  r e g r e s s i o n  o f  s e a  l e v e l  i s  a c c ep te d  
(Ryan, 1952; Hack, 1957; H a rr iso n  e t  a l . ,  1965; Sch u b el  and Zabawa,
1972; M e isb u r g e r ,  1972; Mixon, p e r s o n a l  com m unication , 1978; C arron,  
1979; K nebel e t  a l . ,  1 9 8 1 ) .  However, th e  age o f  th e  sy s te m  and th e  
number o f  t r a n s g r e s s i v e - r e g r e s s i v e  c y c l e s  in  th e  s e d im e n ta r y  r eco rd  i s  
s t i l l  in  q u e s t i o n .  Colman e t  a l .  ( i n  p r e p . )  found m u l t i p l e  e v e n t s  o f  
c h a n n e l  d o w n c u tt in g  and f i l l i n g  in  th e  Maryland p o r t io n  o f  th e  
C hesapeake Bay. S e ism ic  r e f l e c t i o n  r e c o r d s  in  th e  low er  V i r g in ia  




F ig u r e  1 .  L o c a t io n  map show ing Hack Creek and e n v ir o n s  (from  B u rgess  
7 .5  m in u te  q u a d r a n g le ) .
4c o n c lu s i o n  d e r iv e d  was t h a t  th e  upper and low er  Chesapeake Bay m ight be  
o f  d i f f e r e n t  a g e s .  Carron (1 9 7 9 )  s t a t e d  "The m ajor V i r g in ia  r i v e r s  
(Rappahannock, P ia n k a ta n k , York, and James) were n o t  t r i b u t a r y  t o  th e  
Susquehanna in  th e  p r e s e n t  Chesapeake Bay r e g io n  du r in g  th e  W isconsinan  
G l a c i a t i o n ."  He a l s o  c o n c lu d ed  t h a t  th e  Potomac R iv e r  was a t r i b u t a r y  
o f  th e  Susquehanna R iv e r  which  a t  t h a t  t im e o c c u p ie d  th e  r e g io n  o f  
T a n g ie r  Sound.
The su b -b o tto m  d a ta  o f  p r e v io u s  i n v e s t i g a t o r s  in d ic a t e d  a complex  
sy s te m  o f  m inor p a le o c h a n n e ls  throughout th e  C hesapeake Bay and i t s  
t r i b u t a r i e s .  Most o f  t h e s e  c h a n n e ls  have b een  i d e n t i f i e d  as th e  f l u v i a l  
remnants o f  up land  d r a in a g e .  There i s  no c o n c l u s i v e  e v id e n c e  in  th e  
l i t e r a t u r e  t h a t  t h e s e  c h a n n e ls  are  c o n t ig u o u s  w i t h  th e  p r e s e n t  upland  
d r a in a g e  or t h a t  th e y  a r e  t r u l y  a s s o c i a t e d  w i th  th e  p a le o d r a in a g e  o f  th e  
m ajor r i v e r  s y s t e m s .  R esearch  a s s o c i a t e d  w i t h  d r a in a g e  sy stem s has b een  
r e s t r i c t e d  t o  th e  major r i v e r s .  The a v a i l a b i l i t y  o f  d a ta  re g a rd in g  th e  
g e o l o g i c  h i s t o r y  o f  th e  Potomac R iv e r ,  th e  s t r u c t u r e  o f  th e  f a s t l a n d s  
t y p i c a l  o f  th e  V i r g i n i a  C o a s t a l  P l a i n ,  and th e  s i z e  o f  th e  Hack Creek  
d r a in a g e  b a s i n ,  w hich  i s  l a r g e  enough t o  b e  a s s o c i a t e d  w i th  a l l  th e  
upland f o r m a t io n s ,  makes t h i s  s tu d y  a r e a  a s o u r c e  o f  d a ta  t o  u n r a v e l  th e  
g e o l o g i c  h i s t o r y  o f  a d r a in a g e  sy s te m .
In th e  Chesapeake-Potom ac e s t u a r y  th e r e  a re  t h r e e  su b -sy s te m s  t h a t  
can  be i d e n t i f i e d  w i t h  f a s t l a n d  d r a in a g e .  Byrne e t  a l .  (1 9 8 0 )  examined  
many o f  t h e s e  sy s te m s  to  d e v e lo p  a r e l a t i o n s h i p  b e tw een  i n l e t  th r o a t  
a r e a  and t i d a l  p r ism , bu t  d id  not  a d d r e ss  th e  d eve lop m ent and e v o l u t i o n  
o f  t h e s e  s y s te m s .  The f i r s t  typ e  a re  s m a l l  t r i b u t a r i e s  o f  th e  major
5r i v e r s ,  w i t h  l i t t l e  or no r e s t r i c t i o n  t o  f lo w  a t  th e  e n t r a n c e .  The 
t i d a l  range  o f  t h i s  ty p e  o f  sy s te m  i s  th e  same i n s i d e  and o u t s id e  th e  
t h r o a t .  T hese sy stem s tend t o  b e  l a r g e ,  g r e a t e r  than 400 h e c t a r e s  o f  
s u r f a c e  a r e a ,  and have a d e n d r i t i c  shape w ith  s t e e p  v a l l e y  w a l l s  and 
narrow v a l l e y  f l o o r s .  The bathym etry  o f  t h e s e  sy s te m s  u s u a l l y  e x p r e s s  a 
d i s t i n c t  ch a n n e l  th a lw e g ,  w hich  s u g g e s t s  t i d a l  c u r r e n t s  e f f e c t e d  
s e d im e n t a t io n  (F ig u r e  2 ) .
The secon d  ty p e  o f  s u b - s y s te m ,  t h e  i n l e t - b a s i n  sy s tem  ( F ig u r e  3 ) ,  
h as a r e s t r i c t e d  e n tr a n c e  and th e  i n l e t s  o f t e n  have a t i d a l  d e l t a .  
Whether t h i s  d e l t a  i s  ebb t i d a l  or f lo o d  t i d a l  depends on th e  s y s te m 's  
hydrodynamic c h a r a c t e r i s t i c s .  The t i d e  i n s i d e  t h e s e  sy s te m s  f r e q u e n t l y  
d i s p l a y s  a phase  la g  w i t h  a reduced  t i d a l  range (F ig u r e  4 ) .  The v a l l e y  
w a l l s  o f  t h e s e  sy s te m s  a r e  s t e e p  bu t  th e  v a l l e y  f l o o r  i s  f l a t  w i th  no 
c h a n n e ls  e x p r e ss e d  in  th e  b a th y m etr y .  These sy s te m s  a r e  a l s o  d e n d r i t i c  
in  sh a p e .
The t h i r d  ty p e  o f  sy s te m  i s  th e  ephem eral t i d a l  b a s i n  or pond 
( F ig u r e  5 ) .  T h is  sy s tem  d oes  n o t  have s u f f i c i e n t  b a s i n  s i z e  t o  a l lo w  
t i d a l  f l u x  t o  p r e v e n t  lo n g s h o r e  movement o f  sand from c l o s i n g  th e  i n l e t  
d u r in g  p e r io d s  o f  low r u n o f f .  Thus th e  sy stem  w i l l  open and c l o s e  in  
r e s p o n s e  t o  i t s  f l u v i a l  d r a i n a g e s .  During p e r io d s  o f  h ig h  r a i n f a l l  or  
storm  s u r g e ,  t h e  sy s tem  f l o o d s .  When th e  h y d r a u l ic  head i s  s u f f i c i e n t ,  
an i n l e t  w i l l  break  open and a ch a n n e l  w i l l  be c u t  th rou gh  t h e  beach  
i n t o  th e  a d j a c e n t  t r i b u t a r y .  The sy s te m  w i l l  a g a in  become t i d a l  u n t i l  
e q u i l ib r iu m  i s  a c h ie v e d  ( F ig u r e  6 ) .  The i n t e r i o r  b a s i n s  o f  t h e s e  
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F i g u r e  5 .  Example o f  a  Type 3 d r a i n a g e  s y s t e m  a s  e x e m p l i f i e d  
by B l a c k  Pond ,  V i r g i n i a  ( f r o m  B u r g e s s  7 . 5  m i n u t e  
q u a d r a n g l e ) .
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i s  sm a l l  and th e  i n l e t  w i l l  soon  become choked w it h  sand , th e  system  
w i l l  c l o s e  and once a g a in  become a pond.
The t h r e e  t y p e s  o f  d r a in a g e  system s appear t o  be  e v o lu t io n a r y  
s t a g e s  o f  t i d a l l y  in f lu e n c e d  s tream  v a l l e y s .  P e e b le s  (1 9 8 4 )  d e v e lo p ed  a 
c o n c e p t u a l  model f o r  s tream  v a l l e y s  during  a m arine t r a n s g r e s s i o n .
W hile  th e  model a d d r e s s e s  th e  d e p o s i t i o n a l  seq u e n c e s  and env iron m ents  
t h a t  ten d  to  m ig r a te  upstream  w it h  a r i s e  in  s e a  l e v e l ,  i t  does  n o t  
e x p l a in  th e  t h r e e  ty p e s  o f  d r a in a g e  observed  in  th e  Potom ac-Chesapeake  
e s t u a r y .
H y p o th e s is
T h is  s tu d y  t e s t s  th e  h y p o t h e s i s  t h a t  s u b a e r ia l  d r a in a g e  c h a n n e ls  
from b o th  prim ary and secon d ary  f l u v i a l  sy s tem s a r e  c u t  i n t o  Q uaternary  
and T e r t ia r y  se d im e n ts  du r in g  s u c c e s s i v e  f a l l s  in  s e a  l e v e l ,  and f i l l e d  
by b o th  f l u v i a l  and e s t u a r i n e  sed im en t p r o c e s s e s  d u r in g  su b seq u en t  r i s e s  
o f  s e a  l e v e l  d u r in g  th e  P l e i s t o c e n e  and H o lo c e n e ,  th u s  p r e s e r v in g  th e  
g e o l o g i c  h i s t o r y  o f  b o th  th e  major and minor c h a n n e ls  in  th e  se d im e n ta ry  
r e c o r d .
O b j e c t iv e s
The prim ary o b j e c t i v e  in  t h i s  s tu d y  i s  t o  d e l i n e a t e  a f l u v i a l  
d r a in a g e -c h a n n e l - c o m p le x  a s s o c i a t e d  w i t h  th e  f a s t l a n d  d r a in a g e  o f  Hack 
Creek and to  d e ter m in e  i f  t h a t  d r a in a g e  was c o n t ig u o u s  w i t h  a major  
r i v e r  sy s tem  o f  th e  Potom ac-C hesapeake e s tu a r y  d u r in g  a low er s tan d  o f  
s e a  l e v e l .  The second o b j e c t i v e  i s  t o  t r a c e  th e  g e o l o g i c  h i s t o r y  o f  th e
12
Hack Creek d r a in a g e  s y s te m , and t o  d e ter m in e  i t s  age and d eve lop m en t,  
u s in g  t h e  se d im e n ta ry  s e q u e n c e s .





A R aytheon Model RTT-1000 su b -b o ttom  su r v e y  sy s tem  was employed t o  
su r v e y  th e  p a le o d r a in a g e  sy s te m  b e tw een  Hack Creek and th e  Potomac R iver  
th a lw e g .  The Raytheon i s  a two c h a n n e l  sy stem  t h a t  d i s p l a y s  b o th  th e  
p r e s e n t  b a th ym etry  and th e  su b -b o tto m  h o r iz o n s  on a DE 719 Recorder  
(F ig u r e  7 ) .  T h is  i s  a c h ie v e d  through  th e  u s e  o f  o n e ,  h ig h  freq u en cy  
(200  kHz) tr a n sd u c e r  t o  d e l i n e a t e  th e  w ater  sed im ent i n t e r f a c e  ( p r e s e n t  
b ottom ) and a low power ( 2 ,0 0 0  w a t t s ) ,  low fre q u en cy  (7  kHz) t r a n sd u c e r  
t o  d e l i n e a t e  su b -b o tto m  s t r a t i g r a p h i c  u n i t s .  The p r o f i l e r  was u sed  in  
c o n j u n c t io n  w i t h  a N o r t h s ta r  L0RAN-C P o s i t i o n i n g  System  cou p led  t o  an X-  
Y C o o r d in a te  P l o t t e r  and LORAN p r i n t e r .  T h is  a l lo w e d  e v e r y  f i x  mark on 
t h e  r e c o r d e r  t o  b e  a c c u r a t e l y  p l o t t e d  ( w i t h i n  20 m) on a NOAA n a u t i c a l  
c h a r t  w i th  L0RAN-C o v e r p r in t  (F ig u r e  8 ) .
The su r v e y  was con d u cted  in  th e  s p r in g  o f  1 9 7 9 ,  w h i l e  w ater  
tem p era tu re  was b e lo w  10°C t o  a v o id  masking by gas  a c c u m u la t io n  in  th e  
s e d im e n t .  Gas te n d s  to  d i f f u s e  th e  a c o u s t i c a l  s i g n a l  and mask th e  
r e f l e c t i o n  r e c o r d .
A d d i t i o n a l  t r a c k  l i n e s  were run in  th e  f a l l  o f  19 8 5 .  The purpose  
o f  t h i s  su r v e y  was t o  f u r t h e r  d e f i n e  s t r a t ig r a p h y  and m o r p h o lo g ic a l  
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S U B - B O T T O M  S U R V E Y  T R A C K  L I N E
F i g u r e  9.  S u b - b o t t o m  s u r v e y  t r a c k  l i n e s  a d j a c e n t  t o  Hack C r e e k ,  
V i r g i n i a  ( f r o m  NOAA C h a r t  1 2 2 3 3 ) .
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T h i s  s u r v e y  employed  a D a t a s o n i c s  SBP-5000 v a r i a b l e  f r e q u e n c y  
s y s te m  w i t h  a f r e q u e n c y  r a n g e  o f  3 . 5  kHz t o  7 . 0  kHz w i t h  up t o  12 Kw 
o u t p u t .  The s y s t e m  a l l o w s  h i g h  r e s o l u t i o n  o f  s h a l l o w  s e i s m i c  r e f l e c t o r s  
and d i s p l a y e d  b o t h  t h e  s u b - b o t t o m  r e f l e c t o r s  and t h e  p r e s e n t  b o t t o m  (200 
kHz) on a two c h a n n e l ,  EPC 32 0 0 ,  d r y  p a p e r  r e c o r d e r .  L0RAN-C n a v i g a t i o n  
was u t i l i z e d  t o  r e c o r d  b o t h  t im e  d i f f e r e n c e s  (TD) and l a t i t u d e  and 
l o n g i t u d e  p o s i t i o n s ,  i n  o r d e r  t o  a c c u r a t e l y  compare  t r a c k  l i n e s  f rom  t h e  
two s u r v e y s .  The D a t a s o n i c s  s y s t e m  p r o v e d  b e n e f i c i a l  i n  d e l i n e a t i n g  
s t r a t i g r a p h i c  u n i t s  and m o r p h o l o g i c a l  f e a t u r e s  t h a t  w ere  i n  q u e s t i o n  
f rom  t h e  f i r s t  s u r v e y .  F i g u r e s  10 and 11 compare  t h e  same s e c t i o n  of  
t r a c k  l i n e  u t i l i z i n g  t h e  two s u r v e y i n g  s y s t e m s .  The a b i l i t y  t o  c h a n g e  
f r e q u e n c y  on t h e  D a t a s o n i c s  u n i t  a l l o w e d  d a t a  t o  b e  c o l l e c t e d  i n  a r e a s  
p r e v i o u s l y  o b s c u r e d  by s u r f a c e  s e d i m e n t s  ( i . e .  t h i c k  l a y e r s  o f  H o lo c e n e  
mud) .
V i b r a c o r  ing
An e x p a n d a b l e  v i b r a c o r i n g  u n i t  was employed t o  o b t a i n  c o n t i n u o u s  
s t r a t i g r a p h i c  s e c t i o n s  o f  up t o  8 m (26 f t . )  i n  l e n g t h .  The v i b r a c o r i n g  
u n i t  u s e s  a s t e e l  c o r e - b a r r e l  w i t h  an 8 . 9  cm ( 3 . 5  i n . )  d i a m e t e r  c l e a r  
p l a s t i c  l i n e r .  The u n i t  i s  f r e e  s t a n d i n g  and u s e s  a p n e u m a t i c ,
v i b r a t i n g  power  head  and g r a v i t y  t o  d r i v e  t h e  c o r e  b a r r e l  i n t o  t h e
b o t t o m  ( F i g u r e  1 2 ) .  R a t e  and d e p t h  o f  p e n e t r a t i o n  a r e  r e c o r d e d  on a 
p e n e t r a m e t e r . Once t h e  e q u ip m e n t  was h o i s t e d  b a c k  o n t o  t h e  p l a t f o r m  and
t h e  s e d i m e n t - f i l l e d  l i n e r  r em oved ,  c o r e s  w ere  l a b e l e d  and c u t  i n t o  1 .5  m
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a d ja c e n t  t o  Hack C reek , two a t  th e  mouth o f  th e  Potomac R iver  and two 
so u th  o f  Smith P o in t  (F ig u r e  1 3 ) .  The c o r e s  ranged in  l e n g th  from 3 t o  
8 m (9  to  26 f t ) .  A lthough  th e  c o r e s  a t  th e  mouth o f  th e  r i v e r  and a t  
Smith P o in t  w ere  n o t  d i r e c t l y  r e l a t e d  to  t h i s  s tu d y ,  th e  d a ta  were  
a v a i l a b l e  to  d e l i n e a t e  s e i s m ic  r e f l e c t o r s .
Other Methods
S u b -s u r f a c e  d a ta  were o b ta in e d  from 10 hand -au ger  b o r i n g s ,  8 w e l l  
l o g s  from th e  V i r g i n i a  D i v i s i o n  o f  M in era l R e s o u r c e s ,  20 marsh c o r e s  and 
t h i c k n e s s  prob es  in  th e  s o f t e r  H olocen e  se d im e n ts  o f  th e  c r ee k  s y s te m s .  
T h ese  d a ta  w ere supp lem ented  w i t h  in fo r m a t io n  from n a t u r a l  and manmade 
o u tc r o p s  w i t h i n  th e  s tu d y  a r e a .  U n ited  S t a t e s  G e o lo g ic a l  Survey 7 .5  
m in u te  s e r i e s  to p o g r a p h ic  maps were u sed  t o  l o c a t e  and p l o t  sam pling  
l o c a t i o n s .  G.H. Johnson ( p e r s o n a l  com m unication) s u p p l ie d  d a ta  on th e  
P l e i s t o c e n e  fo r m a t io n s  and geom orphic f e a t u r e s  in  th e  s tu d y  a r e a .
In  t h e  la b o r a to r y  th e  c o r e  s e c t i o n s  were c u t  l o n g i t u d i n a l l y ,  
l o g g e d ,  photographed  and sampled a t  c o n t a c t s  o f  m ajor s t r a t i g r a p h i c  
u n i t s .  Samples were a n a ly z ed  f o r  sa n d : s i l t : c l a y  r a t i o  a n d /or  
g r a v e l : sand:mud r a t i o s  t o  c h a r a c t e r i z e  th e  m a t e r i a l .  T h is  was a c h ie v e d  
through  s ta n d a rd  p ro ced u res  as d e s c r ib e d  by F o lk  (1 9 7 4 )  and Carver  
( 1 9 7 1 ) .  P e r c e n t  g r a v e l  was d eterm in ed  by dry s i e v i n g  th e  sample u s in g  a 
number 10 U .S .  s tan d ard  mesh ( - 1 . 0  p h i)  s i e v e .  P e r c e n t  sand was 
o b ta in e d  by w et s i e v i n g  th e  rem ain ing  sample u s in g  a number 230 U .S .  
s ta n d a r d  mesh ( 4 . 0  p h i)  s i e v e .  P i p e t t e  a n a l y s i s  was used  t o  o b t a in  s i l t  
and c l a y  p e r c e n t s  in  th e  sam p le .
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F ig u r e  1 3 .  V ib r a c o r e  l o c a t i o n s  n e a r  Hack C reek , V i r g i n i a .
GEOLOGIC SETTING
G en era l S ta tem en t
Hack Creek i s  a n a t u r a l  e s t u a r i n e  system  lo c a t e d  on th e  Potomac 
R iv er  sh o r e  in  Northumberland County, V i r g in ia  (F ig u r e  1 ) .  T h is  r e g io n  
i s  p a r t  o f  th e  A t l a n t i c  C o a s ta l  P l a i n ,  and i s  u n d e r la in  by g r a v e l s ,  
s a n d s ,  s i l t s ,  c l a y s  and m arls  o f  low er C re ta ceo u s  to  H o locen e  age  
( T e i f k e ,  1 9 7 3 ) .  Most o f  th e  fo r m a t io n s  th ic k e n  to  th e  s o u t h e a s t .  Thus, 
th e  c o a s t a l  p l a i n  se d im e n ts  form a w edge-shaped  body o v e r ly in g  
c r y s t a l l i n e  rocks  (Ryan, 1 9 5 2 ) .
The fo r m a t io n s  o f  V i r g in ia  C o a s ta l  P l a in  have been  d e s c r ib e d  and 
r e l a t e d  by r e l a t i v e  age  (J o h n so n , 1969; F a r r e l l ,  1979; P e e b l e s ,  1984;  
M i t c h e l l ,  1984; among o t h e r s ) .  W hile  most o f  th e  s u r f i c i a l  fo rm a t io n s  
o f  th e  Lower C o a s t a l  P l a i n  a re  Q uarternary in  a g e ,  T e r t ia r y  sed im en ts  
crop  out a t  or n ear  s e a  l e v e l  over  much o f  th e  a r e a .  B eg in n in g  in  l a t e  
P l i o c e n e  t im e ,  each  s u c c e s s i v e  h ig h  stan d  o f  se a  l e v e l  was r e l a t i v e l y  
low er  than th e  p r e v io u s  h ig h  s ta n d ;  t h e r e f o r e ,  s c a r p s ,  t e r r a c e s ,  and 
s e d im e n ta ry  u n i t s  become younger towards th e  p r e s e n t  s h o r e l i n e  
( M i t c h e l l ,  1 9 8 4 ) .  The fo r m a t io n s  u n d e r ly in g  th e  t e r r a c e s  are  complex  
a sse m b la g e s  o f  se d im e n ta ry  u n i t s  d e p o s i t e d  under m a rin e ,  e s t u a r i n e ,  and 
f l u v i a l  p r o c e s s e s  du r in g  th e  P l e i s t o c e n e  ( P e e b l e s ,  1 9 8 4 ) .
The exposed  s t r a t a  in  th e  Hack Creek s tu d y  a r e :  1) th e  Chesapeake
Group, a t h ic k  s e c t i o n  (a s  much as 122 m) o f  low er M iocene to  P l io c e n e
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u n c o n s o l id a te d  s e d im e n ts  t h a t  have d i v e r s e  l i t h o l o g i e s  and low d ip  
( G l a s e r ,  1 9 7 1 ) ;  much o f  t h i s  s e c t i o n  c o n s i s t s  o f  in te r b e d d e d  sa n d s ,  
s i l t s  and c l a y s ;  2) The W estover Group (Johnson  and B e r q u i s t ,  in  p r e s s ) ,  
p r e v io u s l y  r e f e r r e d  t o  as th e  Columbia Group ( T e i f k e ,  1973) in  p a r t ,  a 
much t h in n e r  s e c t i o n  ( l e s s  than 30 m) o f  P l e i s t o c e n e  to  H olocene  
u n c o n s o l id a t e d  se d im e n ts ;  th e  s e d im e n ts  are  m ain ly  o x i d iz e d  c l a y s ,  
s i l t s ,  s a n d s ,  and g r a v e l s ;  l o c a l l y  and p a r t i c u l a r l y  n ear  th e  p r e s e n t  
c o a s t l i n e ,  ca rb o n a ceo u s  and p e a ty  se d im e n ts  are  p r e s e n t  ( T e i f k e ,  1 9 7 3 ) .  
The se d im e n ts  o f  th e  W estover Group c o n t r a s t  s h a r p ly  in  c o n s o l i d a t i o n ,  
b i o t a  and m in e r a lo lo g y  from th e  u n d e r ly in g  m arine f o r m a t io n s .
Landforms
The V i r g i n i a  C o a s t a l  P l a i n  i s  c h a r a c t e r iz e d  by s c a r p s  and t e r r a c e s .  
The s c a r p s  r e p r e s e n t  e r o s i o n a l  f e a t u r e s ,  r e l i c t  s h o r e l i n e s ,  w h i l e  th e  
t e r r a c e s  are  t h e  a g g r a d a t io n a l  s u r f a c e s  o f  s t r a t i g r a p h i c  u n i t s  (F ig u r e  
1 4 ) .  The S u f f o lk  scarp  (F ig u r e  15) s e p a r a t e s  th e  low land  d e p o s i t s  from  
t h e  up land  d e p o s i t s  a lon g  th e  Chesapeake-Potom ac e s t u a r y  ( G l a s e r ,  1 9 7 1 ) .  
On th e  V i r g i n i a  s i d e  o f  th e  Potomac R iv e r  th e  s c a r p s  and t e r r a c e s  were  
mapped by Johnson  ( p e r s o n a l  com m u n ic a t io n ) .  The sc a rp  and t e r r a c e  
f e a t u r e s  a re  c o n t in u o u s  throughout th e  s tu d y  a rea  and d i s t i n g u i s h a b l e  on 
t h e  B u rg ess  7 .5  m inute  q u a d ra n g le .  The landform s r e p r e s e n te d  in  th e  
s tu d y  a r e a  a r e  th e  u p la n d , two s c a r p s  ( S u f f o l k  and B ig  B e t h e l ) ,  and two 
t e r r a c e s  (Todd and Hampton F l a t s )  (F ig u r e  1 6 ) .
The upland o c c u r s  a t  e l e v a t i o n s  b etw een  14 and 31 m (45  and 100 
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F ig u r e  14 . D iagram m atic  c r o s s  s e c t i o n  show ing a )  th e  t e r r a c e  
fo r m a t io n  c o n c e p t  o f  S h a ttu c k  (1906 )  and b) th e  
geom orph ic  and s t r a t i g r a p h i c  framework o f  th e  
s tu d y  a r e a .
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UPLAND
F ig u r e  1 5 .  R e l i c t  s h o r e l i n e  o f  th e  s tu d y  a r e a  show ing  upland  































































Rappahannock R iv er  d r a in a g e  b a s i n s .  Lower on th e  N orthern  Neck 
p e n in s u la  i t  a l s o  d i v i d e s  th e  G reat Wicomico R iv e r  B a s in  from th e  
Potomac B a s in .  The upland i s  com parab le  t o  t h e  Grove p l a i n  on th e  Y ork-  
James p e n in s u la  (Jo h n so n , 1972) and i s  e a s i l y  i d e n t i f i e d  on to p o g r a p h ic  
maps by i t s  c h a r a c t e r i s t i c  e l e v a t i o n  and h i g h l y  d i s s e c t e d  n a tu r e .  
Sed im en ts  a s s ig n e d  to  th e  Windsor and Chuckatuck F orm ation s  co m p rise  th e  
s u r f i c i a l  d e p o s i t s  o f  th e  u p la n d . The S u f f o lk  sca rp  o f  l a t e  P l e i s t o c e n e  
age  s e p a r a t e s  th e  upland from t h e  Todds f l a t .  The sca rp  b e low  th e  
u pland  tr e n d s  t o  th e  n o r t h w e s t ,  p a r a l l e l i n g  th e  Potomac R iv e r ,  and 
d i s p l a y s  a h ig h  d e g r e e  o f  e r o s i o n a l  d i s s e c t i o n  from d r a in a g e  s tr e a m s .
The Todds f l a t  o c c u r s  a t  e l e v a t i o n s  betw een  6 and 9 m (20 and 30 
f t )  and d e c r e a s e s  in  e l e v a t i o n  t o  th e  n o r t h e a s t .  The Todds f l a t  i s  
d i s s e c t e d  w i th  f l u v i a l  d r a in a g e  s tream s which have ca rv ed  t h i s  f l a t  
l o c a l l y  t o  s e a  l e v e l .  Sed im ents  c o m p r is in g  th e  s u r f i c i a l  d e p o s i t s  o f  
th e  Todds f l a t  c o n s i s t  o f  th e  S e d g e f i e l d  Member o f  th e  Tabb F orm ation .
B ig  B e t h e l  sca rp  has a t o e  e l e v a t i o n  o f  6 m (1 8  f t )  and s e p a r a t e s  
t h e  Todds f l a t  from th e  Hampton f l a t  t o  th e  n o r t h e a s t .  The Big B e t h e l  
sc a rp  i s  no t  p ro m in en t ,  however i t  i s  p e r c e p t i b l e  a t  th e  2 0 - f o o t  co n to u r  
on th e  B u rgess  7 .5  m in u te  q u a d r a n g le .
The Hampton f l a t  (J o h n so n , 1972) ra n g es  in  e l e v a t i o n  from 2 t o  6 m 
(7  t o  18 f t )  and s lo p e s  v e r y  g e n t l y  tow ards th e  Potomac R iv e r .  The 
Hampton f l a t  i s  h i g h l y  d i s s e c t e d  by t i d a l  c r ee k  sy s te m s  which  are  
commonly c u t  t o  s e a  l e v e l .  The Hampton f l a t  t e r m in a te s  a t  th e  p r e s e n t  
Potomac R iv er  s h o r e l i n e  and i s  u n d e r la in  by th e  Lynnhaven Member o f  th e  
Tabb F orm ation .
STRATIGRAPHY
G en era l  S ta tem en t
S t r a t i g r a p h i c  u n i t s  rang ing  in  age  from P l i o c e n e  to  H olocene  are  
a d d r e sse d  in  t h i s  s tu d y .  The P l io c e n e  age  Yorktown Form ation  i s  no t  
exp osed  in  th e  s tu d y  a rea ;  however i t  i s  r e c o g n iz e d  6 .6  m (22  f t )  b e low  
s e a  l e v e l  in  w e l l  l o g s  o f  th e  V i r g in ia  D i v i s i o n  o f  M in era l R esou rces  
( T e i f k e ,  1973) (F ig u r e  1 7 ) .  The Yorktown F orm ation  i s  n o t  
d i f f e r e n t i a t e d  from th e  r e s t  o f  th e  Chesapeake Group in  th e  s e i s m ic  
r e f l e c t i o n  r e c o r d s .  The T e r t ia r y  se d im e n ts  o f  th e  Chesapeake Group have  
an a c o u s t i c  s ig n a t u r e  or c h a r a c t e r i s t i c  r e tu r n  t h a t  can be c o r r e l a t e d  
b etw een  p r o f i l e s .  The P l e i s t o c e n e  fo rm a t io n  o f  t h i s  s tu d y  
d is c o n fo r m a b ly  o v e r l i e  th e  T e r t ia r y  age  f o r m a t io n s .  The Windsor and 
Chuckatuck F o r m a t io n s ,  and two members o f  th e  Tabb F orm ation , th e  
S e d g e f i e l d  and Lynnhaven, were mapped in  th e  s tu d y  a rea  by Johnson and 
P e e b le s  ( i n  p r e s s )  and B e r q u is t  ( p e r s o n a l  co m m u n ica t io n ) .  H o locene  
d e p o s i t s  o ccu r  in  th e  s tr e a m s ,  t i d a l  c r e e k s ,  a lo n g  th e  s h o r e l i n e ,  and 
o f f s h o r e  in  t h e  Potomac R iv er  E s tu a r y .  H o locen e  d e p o s i t s  in c lu d e  





















































P l i o c e n e  S e r i e s
Yorktown and Bacons C a s t l e  F orm ations
The Yorktown F orm ation  i s  a wedge o f  m arine sed im e n ts  t h a t  th ic k e n s  
t o  th e  e a s t  and so u th  and i s  u n d e r la in  by o ld e r  T e r t ia r y  and M esozo ic  
u n i t s .  The Yorktown Form ation  i s  a s s ig n e d  an e a r l y  P l io c e n e  age  (Ward 
and B la c k w e ld e r ,  1 9 8 0 ) .  The top  s u r f a c e  o f  th e  fo rm a t io n  i s  an 
e r o s i o n a l  d i s c o n f o r m i t y .  W ith in  th e  s tu d y  a rea  th e  Yorktown Form ation  
( T e i f k e ,  1973) c o n s i s t s  o f  c l e a n ,  l i g h t  g r a y ,  medium t o  c o a r s e  g r a in ed  
sand w i t h  t r a c e s  o f  w ea th ered  g l a u c o n i t e ,  carb on aceou s  m a t e r ia l  and 
s h e l l  ( F ig u r e  1 8 ) .  Near th e  Hack Creek s tu d y  area  th e  s u r f a c e  o f  th e  
Yorktown Form ation  i s  r e p o r te d  a t  - 6 . 6  m ( - 2 2  f t )  w i th  a t h i c k n e s s  o f  10 
m (33  f t ) .  The t h i c k n e s s  o f  th e  Yorktown Form ation  u n d e r ly in g  th e  
s h o r e l i n e  s u g g e s t s  th a t  th e  deep p a le o c h a n n e ls  o f  th e  Potomac R iv er  
(K nebel e t  a l . ,  1981) have t o t a l l y  i n c i s e d  t h i s  fo r m a t io n .  S e ism ic  
r e f l e c t i o n  r e c o r d s  i n d i c a t e  th e  Yorktown Form ation  has h o r i z o n t a l  or  
g e n t l y  d ip p in g  b e d s ,  t h i s  makes th e  fo r m a t io n  e a s y  t o  i d e n t i f y  from th e  
c r o s s  b e d d in g  a s s o c i a t e d  w i t h  c h a n n e l  f i l l  m a t e r i a l .  The Bacons C a s t l e  
Form ation  o v e r l i e s  th e  Yorktown Form ation  d isc o n fo r m a b ly  and i s  
com p rised  o f  a b a s a l  s i l t y  p e b b ly  sand f i n i n g  upwards i n t o  v e r y  s i l t y  
and c l a y e y  sands n e a r sh o r e  m arine and i n t e r t i d a l .
P l e i s t o c e n e  S e r i e s
Windsor and Chuckatuck F orm ations
The Windsor Form ation  c r o p s  out in  th e  upland o f  th e  s tu d y  a rea  and 
i s  d i s t i n g u i s h a b l e  o n ly  in  th e  upperm ost e l e v a t i o n s  o f  th e  up lan d s
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( F ig u r e  1 8 ) .  The Windsor Form ation c o n s i s t s  o f  f i n e  to  medium sand 
f i n i n g  upwards to  s i l t y  sand and c l a y .  The sed im e n ts  o f  th e  Windsor  
F orm ation  a re  much more w eathered  than th e  younger d e p o s i t s .  The 
Chuckatuck Form ation  a l s o  c r o p s  out in  th e  upland and a lon g  th e  S u f f o lk  
s c a r p .  The t h ic k n e s s  o f  th e  Chuckatuck Form ation  in  th e  s tu d y  a rea  i s  
unknown, bu t  th e  fo rm a t io n  c o n s i s t s  o f  a b a s a l  s i l t y ,  peb b ly  sand which  
f i n e s  upward t o  a c la y e y  san d . The g r a v e l  f r a c t i o n  o f  t h i s  u n i t  i s  
g r a n u le  t o  pea s i z e .
Xabb F.prmatiop
The Tabb Form ation  was named by Johnson (1976 )  and o r i g i n a l l y  
mapped on th e  James-York p e n in s u la .  There a re  th r e e  members o f  th e  Tabb 
F o r m a tio n ,  th e  S e d g e f i e l d ,  Lynnhaven, and Poquoson. Only two members o f  
t h e  Tabb Form ation  a re  r e c o g n iz a b le  in  th e  s tu d y  a r e a ,  th e  S e d g e f i e l d  
and t h e  Lynnhaven (J o h n so n , p e r s o n a l  co m m u n ica t io n ) .
D e p o s i t s  o f  th e  S e d g e f i e l d  Member o f  th e  Tabb Form ation  u n d e r l i e  
th e  Todds f l a t  w i t h in  th e  s tu d y  a r e a .  The S e d g e f i e l d  Member i s  a f i n i n g  
upward seq u en ce  w i th  a t h in  g r a v e l l y  s u r f a c e  l a y e r .  A b a s a l  r e d d is h  
brown, w ea th ered  g r a v e l l y  san d , g r a d e s  upwards i n t o  a gra y  p e b b ly  sand,  
and i s  o v e r l a i n  w i th  a d i s t i n c t  c o n t a c t  o f  c l e a n ,  f i n e  w h ite  san d .  
C r o s s -b e d d in g  exposed  in  l o c a l  sand and g r a v e l  p i t s  w i t h  some b eds  
d ip p in g  in  e x c e s s  o f  15° p r o v id e s  s tr o n g  e v id e n c e  t h a t  th e  S e d g e f i e l d  
Member had a f l u v i a l  s t a t e  near  th e  end o f  i t s  d e p o s i t i o n a l  p h a se .
The Lynnhaven Member o f  th e  Tabb F orm ation  u n d e r l i e s  th e  Hampton 
f l a t  and ran ges  in  e l e v a t i o n  from 2 to  6 m (7 t o  10 f t )  w i t h in  th e  s tu d y  
a r e a .  The Lynnhaven Member c o n s i s t s  o f  a f i n i n g  upward seq u en ce  o f
33
Sand ,  s i l t y ,  c l a y e y  l i g h t  brown t o  
o r a n g e  f i n e  t o  c o a r s e  g r a i n ,  r o o t s  
and o r g a n i c  j n a t t e r .
Basa l  s i l t y  p e b b l y  sand  f i n i n g  
upwards  i n t o  v e r y  s i l t y  and cl  
s a n d s  n e a r s h o r e  m a r in e  and 
i n t e r t i  da 1.
C le a n  s a n d ,  l i g h t  g r a y ,  medium t o  
c o a r s e - g r a i n e d ,  some ro u n d e d  g r a v e l  
w e a t h e r e d  g l a u c o n i t e ,  and s h e l l .
F i g u r e  18 .  St  r a t i g r a p h i c  s e c t i o n  o f  u p l a n d s  in t he  s t u d y  a r e a
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g r a v e l l y  sand t h a t  g ra d es  upwards i n t o  a f i n e  sand w ith  s i l t y  c l a y  near  
th e  s u r f a c e .  S in c e  th e  s u r f i c i a l  s e d im e n ts  o f  t h e  Lynnhaven Member are  
a f i n e  sand w ith  s i l t  and c l a y ,  w a te r  o f t e n  s ta n d s  on th e  s u r fa c e  and 
makes th e  u n i t  e a sy  t o  i d e n t i f y  w i th o u t  th e  a id  o f  to p o g r a p h ic  
e x p r e s s i o n .  The t h i c k n e s s  o f  th e  Lynnhaven Member i s  n o t  known; however  
s e i s m ic  p r o f i l e s  i n d i c a t e  th a t  th e  la g  d e p o s i t  a s s o c i a t e d  w i th  th e  b a se  
o f  t h i s  u n i t  r e s t s  unconform ably  on t h e  Yorktown Form ation  (F ig u r e  1 9 ) .  
The Yorktown Form ation  i s  - 6 . 6  m ( - 2 2  f t )  b e low  s e a  l e v e l ;  t h e r e f o r e  th e  
maximum t h ic k n e s s  o f  th e  Lynnhaven Member would be  12 m (40  f t ) .
H o locen e  S e r i e s
H olocene  se d im e n ts  o v e r l i e  o l d e r  d e p o s i t s  a lo n g  l o w - ly in g  a rea s  
b o r d e r in g  th e  Potomac R iv e r  in  th e  stream  v a l l e y s  o f  th e  s tu d y  a rea  and 
o f f s h o r e  in  th e  Potomac R iv e r  (F ig u r e  1 9 ) .  These d e p o s i t s  c o n s i s t  o f  
t i d a l l y - i n f l u e n c e d  and fr e s h w a te r  m arsh, e s t u a r i n e  muds, a l lu v iu m ,  and 
b each  and dune sa n d s .  Marsh d e p o s i t s  a re  b r o w n -b la c k ,  o r g a n i c - r i c h
s i l t s  and c l a y s .  W ith in  th e  t i d a l  d e l t a  th e  b a s a l  marsh l a y e r  i s  c o a r s e
sa n d . The maximum t h ic k n e s s  o f  marsh d e p o s i t s  in  th e  s tu d y  area  i s  
about 6 m (20 f t ) .
E s tu a r in e  muds e x i s t  in  th e  Potomac R iv e r  ch a n n e l  and th e  t i d a l  
c r e e k s .  E s tu a r in e  d e p o s i t s  c o n s i s t  o f  w a te r y ,  g ray  t o  b la c k  c l a y  or  
s i l t y  c l a y ,  w i th  f i n e  san d . The maximum t h ic k n e s s  o f  th e  e s t u a r i n e  muds 
in  th e  Potomac R iver  r e p o r te d  by K nebel e t  a l .  (1 9 8 1 )  was 14 m (46 f t ) .  
Beach and dune sands occu r  a lo n g  th e  Potomac R iver  s h o r e l i n e  and in  th e
i n l e t  mouth a t  Hack C reek . The maximum dune h e ig h t  i s  3 m (10 f t ) .
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Dune o r  b e a c h  s a n d ,  a l u v i u m  and 
m a r s h .  ____
S a n d ,  c l e a n ,  f i n e  t o  medium g r a i n
Sa n d ,  f i n e  t o  c o a r s e  g r a i n ,  some 
s i l t  and c l a y  n e a r  s u r f a c e .
S i l t y  g r a v e l ,  g r a d i n g  t o  c l e a n  
c o a r s e  s and  t o  c l e a n  f i n e  sand  
w i t h  d e p t h .
F i g u r e  19 .  S t r a t i g r a p h i c  s e c t i o n  o f  l o w l a n d s  i n  t h e  s t u d y  
a r e a .
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A l l u v i a l  d e p o s i t s  a re  found in  c h a n n e l  b ottom s and in terb ed d ed  w ith  
marsh d e p o s i t s  th rou gh ou t th e  s tu d y  a r e a .  The maximum t h ic k n e s s  o f  
H olocen e  a l l u v i a l  d e p o s i t s  found in  th e  s tu d y  area  i s  a p p ro x im a te ly  0 .5  
m ( 1 . 6  f t ) .
P h y s i c a l  S e t t i n g
Hack Creek i s  t y p i c a l ,  in  r e s p e c t  to  i t s  c r o s s  s e c t i o n a l  area  and 
t i d a l  p r ism , o f  most o f  th e  i n l e t - b a s i n  ty p e  d r a in a g e  sy stem s (Byrne e t  
a l . ,  1 9 8 0 ) .  I t  i s  a s u b - e s t u a r y  o f  th e  Potomac R iv e r  and e x h i b i t s  th e  
l a t e r a l  and v e r t i c a l  f a c i e s  s u c c e s s i o n  formed d u r in g  a marine  
t r a n s g r e s s i o n .
The i n l e t  a t  Hack Creek has b een  s t a b i l i z e d  t o  p r e v e n t  m ig r a t io n  
a lo n g  th e  b e a c h .  A long  s in u o u s  i n l e t  c h a n n e l  t e r m in a te s  in  a f lo o d  
t i d a l  d e l t a .  C oarse  t o  medium g r a in  sand i s  a c t i v e l y  b e in g  d e p o s i t e d  on 
t h i s  d e l t a .  The t i d e  range in  th e  Potomac R iver  a t  Hack Creek i s  
a p p r o x im a te ly  0 . 9  m ( 3 . 0  f t ) .  The impedence o f  th e  i n l e t  ch an n e l  
r e d u c e s  Hack C r e e k 's  t i d a l  range  t o  a p p r o x im a te ly  0 .3 6  m ( 1 . 0  f t ) .  A 
s a l t  marsh ( S p a r t in a  a l t e r n i f l o r a ) i s  e s t a b l i s h e d  in  t h e  abandoned i n l e t  
c h a n n e l  and th e  o l d e r  lo b e s  o f  t h e  d e l t a  (F ig u r e  2 0 ) .
E s t u a r in e  d e p o s i t s  o f  f i n e  san d , s i l t s ,  and c l a y s  a re  d e p o s i t e d  in  
th e  a x i s  o f  th e  sy s tem  t o  a t h i c k n e s s  o f  a p p r o x im a te ly  6 m (20 f t ) .  The 
bath ym etry  o f  Hack Creek e x h i b i t s  no a c t i v e  c h a n n e ls  in  th e  main stem o f  
t h e  sy stem  ( F ig u r e  2 1 ) ;  how ever , a p a le o th a lw e g  was o b serv ed  by probing  
and s e i s m ic  s u r v e y s  ( F ig u r e s  21 and 2 2 ) .  The b ra n ch es  o f  th e  sy stem  a l l  
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F i g u r e  22 .  T r a n s e c t s  a n d  p a l e o t h a l w e g  p o s i t i o n  i n  Hack C r e e k ,  
V i r g i n i a .
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l o c a l  r u n o f f .  These m arshes appear t o  be  tr a p s  f o r  o r g a n ic  d e t r i t u s  
d e r iv e d  from upland  s o u r c e s  ( i . e .  l e a v e s ,  wood, e t c . ) .  The upper o n e -  
t h ir d  o f  th e  b a s i n  i s  i n t e r m i t t e n t l y  b r a c k is h  w a te r  d u r in g  storm  or  
s p r in g  t i d e  e v e n t s .  The r e s u l t  i s  a marsh com p rised  o f  s a l t g r a s s  meadow 
hay ( E i f i t i c h l i s  fipiCfltfl L - ) .  Olney th r e e s q u a r e  ( S c ir p u s  f l i r . e y i ) , and 
c a t t a i l  ( Tvpha a n g u s t i f o l i a  L .)  f la n k s  th e  s h o r e l i n e  (F ig u r e  2 0 ) .  
D e p o s i t s  o f  o r g a n ic  m a t e r ia l  a p p r o x im a te ly  3 m (10  f t )  t h i c k  are  p r e s e n t  
in  th e  a r e a .
At th e  head o f  th e  b a s i n  a l a r g e  b e a v e r  dam c o n t r o l s  th e  f l u v i a l
d i s c h a r g e  i n t o  th e  sy s te m  ( F ig u r e  2 3 ) .  The f r e s h w a te r  i n f l u x  was
3c a l c u l a t e d  t o  be  0 .3 7  m per  second u s in g  f lo w  m e te r s  in  a r e s t r i c t e d  
r e g io n  o f  Hack C reek , above t i d a l  i n f l u e n c e .  M easurements b e f o r e  and 
a f t e r  wet p e r io d s  d i s p la y e d  l i t t l e  v a r ia n c e  w i th  r a i n f a l l .  The 
u n i f o r m i t y  o f  f lo w  i s  thought t o  be  cau sed  by th e  impeding e f f e c t  o f  the  
b e a v e r  dam a c t i n g  as  a w e ir  or s p i l l w a y .  Above t h i s  r e s t r i c t i o n  i s  an 
e x t e n s i v e  swamp ( p a lu d a l  e n v ir o n m e n t ) .  The ed ap h ic  s u c c e s s i o n  o f  
d e c id u o u s  t r e e s  in  th e  swamp a r e a  i s  red (swamp) m aple ( A cer  rubrum ). 
sw eet  gum (Liquidam bar s t v r a c i f i u a ) . b la c k  gum (Ny s s a  s v i n a t i c a . ) . 
w i l lo w  oak ( Quercus p h e d l o s ) . and w h ite  oak ( Quercus a l b a ) .
The f l u v i a l  c h a n n e ls  o f  Hack Creek i n c i s e  th e  topography o f  th e  
u p la n d s ,  and p r o v id e  so u r c e  m a t e r ia l  f o r  f l u v i a l  d e p o s i t s  in  th e  upper  
r e a c h e s .  T hese  f l u v i a l  d e p o s i t s  upstream  can be d e l i n e a t e d  in  th e  
v e r t i c a l  s u c c e s s i o n  o f  f a c i e s  w i t h i n  Hack Creek ( F ig u r e  2 4 ) .  T h is  
s y s te m  f i t s  w e l l  in  th e  model f o r  H olocen e  stream  v a l l e y s  proposed  by
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SCALE
F i g u r e  2 3 .  S c h e m a t i c  d i a g r a m  o f  p a l u d a l  e n v i r o n m e n t s  a t  Hack C r e e k ,  
V i r g i n i a .
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P e e b le s  ( 1 9 8 4 ) .  S teep  v a l l e y  w a l l s  and narrow v a l l e y  f l o o r s  are  
o b serv ed  in  th e  Hack Creek p a l e o c h a n n e l s .
Bathym etry a long  th e  s h o r e l i n e  o f  th e  Potomac R iv e r ,  a d ja c e n t  to  
Hack C reek , e x h i b i t s  e v e n ly  spaced  c o n to u r s  t o  th e  10 m depth  (30 f t . )  
where th e  Potomac R iv er  Channel b e g in s  and th e  se d im e n ts  change from  
sand t o  s i l t y  sand t o  mud. K nebel e t  a l .  (1 9 8 1 )  d iv id e d  th e  Potomac 
R iv e r  E stu ary  in t o  t h r e e  l a t e r a l  m o rp h o lo g ic a l  u n i t s  -  s h o r e l i n e  f l a t s ,  
t r a n s i t i o n a l  s lo p e  and ch a n n e l  b o ttom . The w id th s  o f  t h e s e  u n i t s  in  the  
s tu d y  a rea  a re :  s h o r e l i n e  f l a t s - 1 0 0  m; t r a n s i t i o n a l  s lo p e - 3  km; and
ch a n n e l  bo ttom -7  km (F ig u r e  2 5 ) .
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When c h a r t s  o f  th e  Chesapeake-Potomac e s tu a r y  a r e  exam ined, i t  i s  
e v id e n t  t h a t  v e r y  l i t t l e ,  i f  any, e x p r e s s io n  o f  r e l i c t  c h a n n e ls  from th e  
hundreds o f  s u b - e s t u a r i e s ,  ponds, and t i d a l  c r e e k s  a r e  o b served  in  th e  
bathym etry  o f  th e  n e a r sh o r e  f l a t s .  The la r g e r  s y s te m s -  L i t t l e  W icomico, 
S t .  Mary and o t h e r  r i v e r s -  show some in sh o r e  b end ing  o f  th e  b a th y m etr ic  
c o n to u r s  a d j a c e n t  t o  t h e i r  p r e s e n t  i n l e t s  or mouths; bu t  no r e l i c t  
th a lw e g s  a r e  o b s e r v a b le .  I f  t h e s e  sy stem s were once  p a r t  o f  th e  f l u v i a l  
d r a in a g e  o f  th e  a r e a ,  th e  topography o f  t h e s e  stream  v a l l e y s  a re  b u r ie d .
Remnants o f  t h i s  typ e  o f  f l u v i a l  d r a in a g e  can b e  o b serv ed  in  sub­
b ottom  r e c o r d s  th rou gh ou t th e  C hesapeake Bay and i t s  t r i b u t a r i e s  
(C arron , 1979; K nebel e t  a l . ,  1981; Colman e t  a l . ,  in  p r e p ) .  Minor 
p a le o c h a n n e ls  have b een  i n f e r r e d  f o r  e x i s t i n g  sub e s t u a r y  ponds and 
t i d a l  c r e e k s ,  how ever , no p r io r  r e s e a r c h  e x i s t s  in  th e  l i t e r a t u r e  th a t  
c o n f ir m s  a c o n t ig u o u s  s e t  o f  p a le o c h a n n e ls  c o n n e c t in g  th e  p r e s e n t  upland  
d r a in a g e  w i th  th e  p a le o d r a in a g e  o f  a major r i v e r .  T h is  data  c o u ld  
p r o v id e  e v id e n c e  t o  w hether  t h e s e  sy stem s r e p r e s e n t  more than one  
t r a n s g r e s s i v e - r e g r e s s i v e  c y c l e .  A su b -b o ttom  s e i s m ic  r e f l e c t i o n  su rvey  
a d ja c e n t  t o  Hack Creek com p leted  in  t h i s  s tu d y  in  th e  s p r in g  o f  1979  
( F ig u r e  8a) d e l i n e a t e s  a complex p a le o c h a n n e l  sy s te m . Sub-bottom  
s e i s m ic  p r o f i l e s  i n d i c a t e  th a t  t h r e e  major h o r iz o n s  or a c o u s t i c
45
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r e f l e c t o r s  e x i s t  in  th e  n e a r sh o r e  o f  th e  Potomac R iv er  a d ja c e n t  t o  Hack 
Creek (F ig u r e  2 6 ) .
The a c o u s t i c  basem ent in  th e  s tu d y  a rea  i s  made up o f  se d im e n ts  
from th e  Chesapeake Group (Hack, 1 9 5 7 ) .  K nebel e t  a l .  (1 9 8 1 )  r e p o r te d  
t h i s  t o  be  a t h i c k  s e c t i o n  ( a s  much as  122 m) o f  u n c o n s o l id a te d  
se d im e n ts  o f  T e r t ia r y  a g e .  The la c k  o f  a b a s a l  r e f l e c t i o n  h o r iz o n  and 
th e  e r o s i o n a l  d i s c o n f o r m it y  a t  th e  s u r f a c e  o f  t h i s  T e r t ia r y  fo rm a tio n  
perm it  i t  t o  b e  used  as  a basem ent f o r  a l l  younger  s t r a t i g r a p h i c  u n i t s  
a d d r e ssed  in  t h i s  s tu d y  (F ig u r e  2 7 ) .
The s u r f a c e  r e f l e c t o r  (F ig u r e  2 6 ,  U n it  A) i s  reworked sand d e r iv e d  
from s h o r e l i n e  e r o s i o n  and lo n g s h o r e  t r a n s p o r t .  Near th e  beach  t h i s  
m a t e r ia l  i s  a medium t o  c o a r s e  g r a in e d  sand w it h  f o s s i l  s h e l l s  t h a t  form  
a s e r i e s  o f  l i n e a r  b a r s  p a r a l l e l  t o  s h o r e .  T hese b a r s  t e r m in a te  a t  the  
-3  m ( - 1 0  f t . )  c o n to u r .  A l i n e  o f  sed im ent s a m p le s ,  normal t o  th e  
s h o r e ,  shows t h a t  th e  sand f i n e s  w i th  in c r e a s i n g  d ep th  and g r a d e s  t o  a 
muddy sand a t  th e  edge o f  th e  Potomac R iver  C h annel. For t h i s  s tu d y ,  
th e  edge o f  th e  c h a n n e l  i s  d e f in e d  as th e  - 9  m ( -  30 f t . )  c o n to u r .  
Sedim ent sam ples  from c o r e s  i n d i c a t e  th e  ch a n n e l  i s  b e in g  f i l l e d  w i th  
f i n e  g r a in e d  H o locen e  sa n d s ,  s i l t s  and c l a y s .  The second u n i t  (F ig u r e  
2 6 ,  U n it  B) appears  t o  r e p r e s e n t  a c o n t in u o u s  s t r a t i g r a p h i c  l a y e r  
e x te n d in g  from th e  b each  or f a s t l a n d s  t o  th e  Potomac R iver  p a le o c h a n n e l;  
i t s  s u r f a c e  i s  u n d u la to r y  and h i g h l y  d i s s e c t e d .  T h is  s t r a t i g r a p h i c  u n i t  
i s  i n c i s e d  w i t h  a com plex sy stem  o f  p a le o c h a n n e ls  b a c k f i l l e d  w i th  a 
m a t e r ia l  which  i s  a c o u s t i c a l l y  d i f f e r e n t  from th e  u n d e r ly in g  u n i t .  The 
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p a l e o c h a n n e l s .  V ib ra co re  sam ples prove t h i s  u n i t  t o  be  composed o f  
d e p o s i t s  r e l a t e d  t o  th e  f l u v i a l  ch a n n e l  p hase  and e s t u a r i n e  f i l l  
m a t e r ia l  o f  H o locene  a g e .  F ig u r e  26 shows p r o f i l e s  d i s p la y i n g  th e  t h r e e  
major r e f l e c t o r s .  P r o f i l e  S-T i s  normal t o  th e  sh o r e  and d e p i c t s  a 
t y p i c a l  p r o f i l e  from th e  o u term ost  sand bar t o  th e  Potomac R iver  
p a le o c h a n n e l .  P r o f i l e  H-I i s  p a r a l l e l  to  sh o re  3 .5  km ( 2 .1  m i . )  
o f f s h o r e .
The major Hack Creek p a le o c h a n n e l  i s  d i r e c t l y  r iverw ard  o f  th e  
p r e s e n t  Hack Creek i n l e t  s y s te m . P l o t t i n g  o f  a l l  p r o f i l e s  in  th e  su rvey  
d e l i n e a t e d  t h r e e  major p a le o c h a n n e ls  n ear  th e  s h o r e l i n e .  These merge 
i n t o  one d e e p ly  i n c i s e d  c h a n n e l  w i t h  an a x i s  d epth  o f  -3 0  m (100 f t . ) .  
T h is  o n e ,  deep ch a n n e l  i s  th e  o n ly  c o n n e c t io n  o f  th e  com plex d e n d r i t i c  
p a le o d r a in a g e  sy s tem  w it h  th e  Potomac R iv er  p a le o d r a in a g e  (F ig u r e  8 b ) .  
The th a lw eg  depth  and a x i s  o f  th e  main p a le o c h a n n e ls  were compared w ith  
th e  a x i s  o f  th e  p a le o th a lw e g s  i n s i d e  th e  Hack Creek sy s tem  (F ig u r e  2 8 ) .
A probe rod was used  t o  d e v e lo p  a c r o s s  s e c t i o n  o f  th e  marsh sed im ent  
and th a lw eg  d epth  i n s i d e  th e  i n l e t  o f  Hack C reek . The th a lw eg  in  th e  
b a s i n  i s  l o c a t e d  a p p r o x im a te ly  8 m (25 f t )  b e lo w  mean low w a te r  and i s  
n o t  a s s o c i a t e d  w ith  t h e  p r e s e n t  i n l e t  c h a n n e l .  Sub-bottom  p r o f i l e  t ra c k  
B-C ( F ig u r e  8 b ) ,  l o c a t e d  500 m (1650  f t )  o f f s h o r e ,  in d ic a t e d  a 
p a l e o b a s in  w i t h  a c h a n n e l  th a lw eg  a t  a p p r o x im a te ly  - 9  m ( - 3 0 . 0  f t )  
a d j a c e n t  t o  th e  Hack Creek i n l e t .  The a x i s  d e p th s  o f  th e  c h a n n e ls  and 
th e  p r o x im ity  o f  th e  p r e s e n t  sy s tem  make i t  e v id e n t  th a t  th e  
p a le o c h a n n e ls  were once  a p a r t  o f  th e  Hack Creek sy s te m .
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SCALE 1 : 2 4 ,0 0 0
1000 1000 2 0 0 0  FEET
F ig u r e  28 . Trends o f  th a lw eg  a x e s  o f  Hack Creek and i t s  t r i b u t a r y  
p a le o c h a n n e ls  (B u rgess  7 .5  m inute  q u a d r a n g le ) .
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An a n a l y s i s  o f  th e  g r a d i e n t s  o f  th e  p r e s e n t  d r a in a g e ,  from th e  
upland sca rp  + 15 m ( 5 0 .0  f t . )  above s e a  l e v e l  to  th e  i n l e t  mouth, and 
o f  th e  p a le o c h a n n e l  sy s te m , from th e  n e a r s h o r e  f l a t s  t o  th e  Potomac 
R iv e r  p a le o c h a n n e l ,  i n d i c a t e s  th e  d e p th s  o f  th e  th a lw e g s  in c r e a s e  w i th  
d i s t a n c e  o f f s h o r e .  The s lo p e  i s  a lw ays  n e g a t iv e  w hich  would be  e x p e c te d  
i f  a c h a n n e l  were t o  supp ort a f l u v i a l  d r a in a g e  sy s tem  (F ig u r e  2 9 ) .  An 
i n c r e a s e  in  t h e  th a lw eg  s l o p e ,  where th e  sy s tem  m erges w i th  th e  Potomac 
R iv e r  p a le o c h a n n e l ,  4 km ( 2 . 2  run) o f f s h o r e ,  i n d i c a t e s  t h a t  th e  sy stem  
was perched  from s a l t  w ater  or t i d a l  i n t r u s i o n  u n t i l  th e  l a t e  H o lo c e n e .  
T h is  would s u g g e s t  t h a t  s tream  com petency  was i n s u f f i c i e n t  t o  a l lo w  th e  
d r a in a g e  sy s te m  t o  e v o lv e  from a V -sh ap ed , narrow and l i n e a r  s tream  t o  a 
m ajor H o locen e  stream  having  w ide  v a l l e y s  w i th  f l a t  f l o o r s  and meander  
c h a n n e ls  ( P e e b l e s ,  1 9 8 4 ) .  T h is  c o n d i t i o n  would a l lo w  most o f  th e  Hack 
Creek sy s te m  t o  rem ain  f l u v i a l ,  lo n g  a f t e r  th e  Potomac R iv e r  had become 
e s t u a r i n e  and would e x p l a in  th e  la c k  o f  f l u v i a l  f i l l  m a t e r ia l  in  th e  
Hack Creek p a l e o c h a n n e l s .
The t h r e e  o t h e r  d r a in a g e  sy s te m s  n ea r  Hack C reek , B lack  Pond and 
C on d it  Pond t o  th e  w e s t  and F la g  Pond t o  th e  e a s t ,  have  a d ja c e n t  
p a le o c h a n n e ls  o f f s h o r e  ( F ig u r e  8 b ) .  Core sam ples from th e  i n t e r i o r  o f  
t h e s e  sy s te m s  i n d i c a t e  th a t  th e y  have th e  same s t r a t i g r a p h i c  f a c i e s  
s u c c e s s i o n  and m orphology found in  Hack C reek , w i th  t h e  e x c e p t i o n  o f  
B la ck  Pond. The upper sed im en ta ry  seq u e n c e  o f  B lack  Pond r e p r e s e n t s  a 
f r e s h w a te r  pond environ m ent s i n c e  anthropom orphic i n f l u e n c e  has  
d is r u p t e d  n a t u r a l  e v o l u t i o n  over  th e  p a s t  50 y e a r s .  The th r e e  
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o f  th e  p a le o c h a n n e l  are  p l o t t e d  shows c o n c l u s i v e l y  t h a t  t h e s e  o th e r  
sy s te m s  a re  remnants o f  form er b ra n ch es  in  th e  d e n d r i t i c  d r a in a g e  o f  th e  
Hack Creek sy s te m  ( F ig u r e  3 0 ) .  The p r e s e n t  d r a in a g e  b a s in  area  
a s s o c i a t e d  w i th  Hack Creek i s  906 h e c t a r e s .  At a low er  stan d  o f  s e a  
l e v e l ,  a t  -1 0  m ( -3 3  f t )  ( Z e l lm e r ,  19 7 9 ,  and F i n k e l s t e i n ,  p e r s o n a l  
co m m u n ic a t io n ) ,  or p r io r  t o  s h o r e l i n e  r e t r e a t ,  Hack Creek would have  
resem b led  th e  L i t t l e  Wicomico R iv e r  w i th  a d r a in a g e  b a s in  area  o f  2500  
h e c t a r e s .  G iven  se a  l e v e l  p o s i t i o n  and th e  r a t e  o f  r i s e  Hack C r e e k 's  
d r a in a g e  b a s i n  c o u ld  b e  reduced  an a v e r a g e  o f  0 . 4  h e c t a r e s  per  y e a r .
T h is  i s  s t r o n g  e v id e n c e  t h a t  th e  t h r e e  ty p e s  o f  d r a in a g e  sy stem s  
a s s o c i a t e d  w i t h  th e  Chesapeake-Potom ac e s tu a r y  had th e  same o r i g i n .  The 
t h r e e  sy s te m s  appear to  r e p r e s e n t  d i f f e r e n t  e v o lu t i o n a r y  p h a ses  in  
r e s p o n s e  t o  a m arine t r a n s g r e s s i o n .  U sing  t h i s  schem e, Hack Creek i s  in  
th e  m id d le  s t a g e s  o f  s u c c e s s i o n ;  w h i l e  th e  sm a ll  sy s tem s  t h a t  were once  
a p a r t  o f  Hack Creek are  in  th e  t e r m in a l  s t a g e  o f  th e  e v o lu t io n a r y  
p r o c e s s .  G iven  a c o n t in u in g  r i s e  in  s e a  l e v e l ,  s h o r e l i n e  e r o s i o n  may 
remove them a l l  t o g e t h e r  (Bruun, 1 9 6 2 ) .
Sub-bottom  l i n e s  normal t o  sh o r e  in  th e  s tu d y  a r e a  r e v e a le d  th e  
p r e s e n t  Potomac R iv er  d r a in a g e  and c h a n n e l  th a lw e g s  a re  c l o s e l y  
a s s o c i a t e d  w i t h  th e  p a le o c h a n n e l  d e s c r ib e d  by K nebel e t  a l .  ( 1 9 8 1 ) .  The 
c r o s s  s e c t i o n s  o f  t h i s  s tu d y  a re  5 km ( 3 .1  m i . )  t o  th e  e a s t  o f  K n e b e l ' s  
s tu d y  a rea  and r e v e a le d  two a d d i t i o n a l  major p a le o c h a n n e ls  ( F ig u r e  3 1 ) .  
The m id - r iv e r  p a le o c h a n n e l ,  B, (4  km o f f s h o r e )  i s  f i l l e d  w i t h  H olocene  
f i l l  and a p p ea rs  t o  b e  th e  term in ou s  o f  a l l  th e  p a le o c h a n n e ls  a s s o c i a t e d  
w it h  th e  Hack Creek sy s te m . I f  t h e  a n c e s t r a l  Potomac R iv er  V a l l e y  i s
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F ig u r e  30 . D epths  o f  th e  p a le o c h a n n e ls  be low  MLW and p a le o c h a n n e l  




















































































































th e  r e s u l t  o f  a s i n g l e  e v e n t ,  then  as K nebel e t  a l .  (1981 )  so s t a t e ,  
" t h i s  secon d  c h a n n e l  would have t o  be  e i t h e r  a meander or a b i f u r c a t i o n  
o f  th e  main p a le o c h a n n e l  on th e  Maryland s i d e  o f  th e  e s t u a r y ."  S in c e  
b o th  o f  t h e s e  f e a t u r e s  have s i m i l a r  s t r a t i g r a p h i c  seq u en ces  in  th e  
s e i s m ic  r e c o r d ,  and do n o t  e x h i b i t  any e v id e n c e  o f  m u l t i p l e  e v e n ts  in  
th e  c h a n n e l  f i l l ,  i t  i s  p r o b a b le  t h a t  th e y  a re  th e  r e s u l t  o f  o n ly  th e  
l a t e  P l e i s t o c e n e - H o l o c e n e  r e g r e s s i o n - t r a n s g r e s s i o n  c y c l e .  The t h ir d  
p a le o c h a n n e l ,  C, o b serv ed  in  th e  s e i s m ic  c r o s s  s e c t i o n s  i s  l o c a t e d  
b e n e a th  th e  se d im e n ts  o f  th e  s h o r e l i n e  f l a t s  and t r a n s i t i o n a l  s l o p e .  
V ib r a c o r e s  in  t h e s e  u n i t s  d e l i n e a t e  th e  upper 1 t o  2 m eters  ( 3 .3  to  6 .6  
f t )  o f  sed im en t t o  be  a c o a r s e  g r a in e d ,  p eb b ly  sand which appears t o  be  
a la g  d e p o s i t  d e r iv e d  from th e  mass w a s ta g e  o f  an e rod in g  s h o r e l i n e  
( P e e b l e s ,  1 9 8 4 ) .  V ib r a c o r e  sam ples  tak en  in  th e  p a le o c h a n n e ls  e x h i b i t e d  
a f i n i n g  upward seq u en ce  c o n s i s t i n g  o f  a c o a r s e  b a s a l  la g  o f  f l u v i a l  
o r i g i n  c o v e r e d  w i t h  o r g a n ic  m a t e r i a l ,  a marsh or p ea t  d e p o s i t  g ra d in g  
i n t o  e s t u a r i n e  san d , s i l t s ,  and c l a y s .  The same f i n i n g  upward sequence  
was found i n s i d e  th e  i n l e t  and upstream  on Hack C reek . Core sam ples  
c o l l e c t e d  o u t s i d e  o f  p a le o c h a n n e ls  i n d i c a t e d  th e  s u r f a c e  m a t e r ia l  was 
d e p o s i t e d  d i r e c t l y  on T e r t ia r y  s e d im e n t s .  The r a t e  o f  s h o r e l i n e  r e t r e a t  
f o r  th e  s tu d y  area  i s  a p p r o x im a te ly  0 . 6  m per  y e a r  (R osen , 1 9 7 6 ) .  S in c e  
t h e  deep p a le o c h a n n e l  i s  l e s s  than 1 km o f f s h o r e ,  th e  s e a  l e v e l  cu rve  o f  
F i n k e l s t e i n  ( p e r s o n a l  com m unication) i n d i c a t e s  i t  c o u ld  have been  
c o v e r e d  by th e  f a s t  land fo r m a t io n s  and i t s  a s s o c i a t e d  d r a in a g e  as  
r e c e n t l y  as  5000 y e a r s  BP (F ig u r e  3 0 ) .  T h is  assumes c o n s ta n t  e r o s io n  
r a t e s  o f  o ld e r  d e p o s i t s  and th e  d i s p la c e m e n t  o f  t h i s  m a t e r ia l  o f f s h o r e
57
(Bruun, 1969) or a long  sh o re  to  form s p i t s  and b a r s .  Because  th e  
Lynnhaven Member o f  th e  Tabb F orm ation  presum ably o v e r l i e s  p a le o c h a n n e l  
C, by s u p e r p o s i t i o n  th e  t h ir d  p a le o c h a n n e l  would be  o ld e r  than th e  
s h o r e l i n e  s e d im e n t s ,  thus  be pre-Lynnhaven and o ld e r  than th e  o th e r  two 
p a le o c h a n n e ls  o f  th e  Potomac R iv e r .  Due to  th e  a x i a l  dep th  ( - 4 0  m) o f  
p a le o c h a n n e l  C (F ig u r e  32 )  and o r i e n t a t i o n  o f  th e  ch a n n e l  a x i s  (F ig u r e  
3 3 ) ,  i t  may b e  a s s o c i a t e d  w i t h  th e  d e l t a i c  f e a t u r e s  r e p o r te d  by Carron  
(1 9 7 9 )  t o  th e  s o u t h e a s t  o f  Smith P o in t  ( F ig u r e s  34 and 3 5 ) .
Most o f  th e  deep p a le o c h a n n e ls  o f  th e  Potomac and th e  d eep er  p a r t s  
o f  th e  Hack Creek p a le o c h a n n e ls  i n c i s e  th e  Chesapeake Group. The 
e x c e p t i o n  i s  where th e  Hack Creek p a le o c h a n n e ls  c r o s s  th e  n e a r sh o r e  
p a le o c h a n n e l  and th e  em ergent P l e i s t o c e n e  u n i t s .  However, s i n c e  th e  
Hack Creek sy s tem  i n c i s e s  th e  T e r t ia r y  on b o th  s i d e s  o f  t h i s  
p a le o c h a n n e l ;  i t  i s  e v id e n t  th e  two sy stem s c o u ld  n o t  be  o f  th e  same 
a g e .
Hack C r e e k 's  p a le o c h a n n e ls  i n d i c a t e  o n ly  one e p i s o d e  o f  s tream  
v a l l e y  c u t t i n g .  The term in ou s o f  th e  Hack Creek sy s te m  i s  a 
p a le o c h a n n e l  o f  th e  Potomac R iv e r  w hich  d i s p l a y s  no i n t e r n a l  c h a n n e ls  
w i t h i n  t h e  v a l l e y  f i l l  and th e  a b se n c e  o f  g r a v e l  d e p o s i t s  above th e  
b a s a l  s tra tu m  (K nebel e t  a l . ,  1 9 8 1 ) .  The c o r e s  o f  th e  Hack Creek  
p a le o c h a n n e ls  d i s p l a y  o n ly  one f i n i n g  upward seq u en ce  ( t r a n s g r e s s i o n ) .  
U ndoubted ly  th e  p r e s e n t  Hack Creek s u b - e s t u a r y  and i t s  a s s o c i a t e d  
p a le o c h a n n e l  sy s tem  r e p r e s e n t s  o n ly  one t r a n s g r e s s i v e - r e g r e s s i v e  
s e q u e n c e .  The age o f  t h i s  seq u en ce  would have to  be  l a t e  P l e i s t o c e n e  
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F ig u r e  33 .  L o c a t io n  and a x i s  o f  th e  t h r e e  p a le o c h a n n e ls  o f  
th e  Potomac R iv e r  n ear  Hack Creek.
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F ig u r e  34 . Sub-bottom  s e i s m i c  r e f l e c t i o n  l o c a t i o n s  a t  
Sm ith P o i n t ,  V i r g i n i a  ( a f t e r  Carron, 1 9 7 9 ) .
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S e ism ic  r e f l e c t i o n  d a ta  and geom orphic and s t r a t i g r a p h i c  e v id e n c e  
i n d i c a t e  t h a t  a com plex p a le o c h a n n e l  sy stem  e x i s t s  in  th e  su b -b o ttom  o f  
t h e  Potomac R iv e r  n e a r s h o r e  a d j a c e n t  t o  th e  p r e s e n t  Hack Creek i n l e t -  
b a s i n  s y s te m . T h is  sy stem  i s  e v id e n c e  o f  a t  l e a s t  one c y c l e  o f  
r e g r e s s i o n - t r a n s g r e s s i o n  in  th e  Potomac R iver  B a s in .  The Hack Creek  
p a le o c h a n n e ls  p r o v id e s  th e  l i n k  f o r  a c o n t ig u o u s  d r a in a g e  sy stem  betw een  
th e  up land  f l u v i a l  d r a in a g e  and th e  Potomac R iver  p a le o c h a n n e l  more than  
4 km o f f s h o r e .  T h is  c h a n n e l  com plex  i n t e r c o n n e c t s  Hack Creek and t h r e e  
s m a l le r  c r e e k  s y s t e m s -  F la g  Pond t o  th e  e a s t  and b o th  B lack  Pond and 
C on d it  Pond t o  t h e  w e s t .  The p a le o c h a n n e ls  from each  o f  th e  fo u r  
s y s te m s  t e r m in a te s  in  one common p a le o c h a n n e l .  The p a le o c h a n n e ls  o f  
Hack Creek and nearby  Potomac R iv e r  sy stem  are  i n c i s e d  i n t o  T e r t ia r y  
s e d im e n ts  o f  th e  Chesapeake Group. The c o n t a c t  b etw een  T e r t ia r y  and 
y ou n ger  s e d im e n ts  i s  a s tr o n g  r e f l e c t o r  in  th e  s e i s m ic  d a t a .  T h is  
h o r iz o n  a l lo w s  d i s c r i m i n a t i o n  o f  th e  s t r a t ig r a p h y  and d e t e r m in a t io n  o f  
t h i c k n e s s  o f  younger  se q u e n c e s  in  s e i s m ic  r e c o r d s ,  c o r e s  and b o r i n g s ,  
such  as  w a te r  w e l l  l o g s .  O lder T e r t ia r y  fo r m a t io n s  a r e  n o t  im portant  to  
t h i s  s t u d y .  V ib r a c o r e  sam ples  ta k e n  w i t h in  th e  p a le o c h a n n e ls  e x h i b i t  
b o th  th e  v e r t i c a l  and l a t e r a l  s u c c e s s i o n  o f  sed im ent f a c i e s  e x p e c te d  in  
a m arine  t r a n s g r e s s i o n .  The same f a c i e s  s u c c e s s i o n  i s  r e c o g n iz a b l e  in  
c o r e s  from th e  c h a n n e l  a x i s  o f  Hack Creek and th e  a d j a c e n t  s y s te m s .
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Stream g r a d i e n t s  c a l c u l a t e d  fo r  th e  Hack Creek p a le o c h a n n e ls  are  
th e  same o rd er  o f  m agnitude as t h o s e  measured in  th e  Hack Creek d r a in a g e  
b a s i n .  T h is  i s  e v id e n c e  t h a t  th e  system  i s  f l u v i a l  in  o r i g i n  and t h a t  
i t  was a l s o  a sm a ll  t r i b u t a r y  to  th e  a n c e s t r a l  Potomac R iv e r .
The H o locen e  t r a n s g r e s s i o n  prov ided  a mechanism f o r  wave a c t i o n  to  
mold th e  sh o r e  by b each  and c l i f f  e r o s io n  a lo n g  th e  f la n k s  o f  
P l e i s t o c e n e  Potomac R iver  V a l l e y .  Net r e s u l t  o f  s h o r e l i n e  e r o s i o n  was 
th e  t r u n c a t i o n  o f  s u b - e s t u a r i e s  and th e  drowning and d e s t r u c t i o n  o f  
i n l e t s ,  m arshes and t i d a l  c h a n n e l s .  S h o r e l in e  e r o s i o n  o f  th e  
s t r a t i g r a p h i c  u n i t s  i n t o  which th e  Hack Creek sy s tem  i s  i n c i s e d  p rov id ed  
l a g  d e p o s i t s  and b u r ie d  any e v id e n c e  o f  th e  Hack Creek sy stem  in  th e  
r e s u l t a n t  n e a r s h o r e  f l a t s .
S e ism ic  p r o f i l e s  show a la ck  o f  m u l t i p l e  su b -b ottom  c h a n n e ls  and an 
a b se n c e  o f  i n t e r n a l  c h a n n e ls  w i t h in  th e  v a l l e y  f i l l  m a t e r ia l  o f  b o th  th e  
Hack Creek and o f f s h o r e  Potomac R iv er  p a le o c h a n n e l s .  The Potomac R iv er  
p a le o c h a n n e l  found near  th e  V i r g in ia  s h o r e l i n e  i s  p a r t i a l l y  capped w ith  
a la g  d e p o s i t  d e r iv e d  from s h o r e l i n e  e r o s i o n .  T h is  i s  e v id e n c e  t h a t  
when Hack Creek was a l a r g e r  sy stem  t h i s  p a le o c h a n n e l  would have been  
b u r ie d  by a t  l e a s t  one o f  th e  fo r m a t io n s  t h a t  now make up th e  f a s t  la n d s .  
The f a s t l a n d s  on th e  V i r g in ia  s id e  o f  th e  Potomac R iv er  a re  u n d e r la in  by 
a s u c c e s s i o n  o f  P l e i s t o c e n e  fo r m a t io n s .  These fo r m a t io n s  are  
t r a n s g r e s s i v e - r e g r e s s i v e  seq u en ces  r e p r e s e n te d  by s tra n d ed  r e l i c t  
s h o r e l i n e s  ( s c a r p s )  and a s s o c i a t e d  d e p o s i t i o n a l  s u r f a c e s  ( t e r r a c e s )  th a t  
e x h i b i t  a f i n i n g  upward sed im ent se q u e n c e .  These  se q u e n c e s  r e p r e s e n t  
m u l t i p l e  o s c i l l a t i o n s  o f  s e a  l e v e l  during  th e  P l e i s t o c e n e .  The Hack
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Creek p a le o c h a n n e ls  i n c i s e  th e  T e r t ia r y  sed im ent on b o th  s i d e s  o f  t h i s  
n e a r sh o r e  b u r ie d  Potomac R iver  p a le o c h a n n e l .  There i s  no e v id e n c e  in  
th e  s e i s m ic  record  t h a t  any o f  th e  Hack Creek p a le o c h a n n e ls  term in ated  
in  t h i s  s o u t h e r l y  Potomac R iv er  p a le o c h a n n e l .  A l l  th e  d a ta  i n d i c a t e  
t h a t  th e  Hack Creek sy s te m , as  i t  e x i s t s  to d a y ,  was n ever  a s s o c i a t e d  
w it h  t h i s  n e a r s h o r e  Potomac R iv e r  p a le o c h a n n e l ,  but w i th  th e  
p a le o c h a n n e l  4 km o f f s h o r e .  I f  a m inor f l u v i a l  d r a in a g e  sy stem  was 
p r e s e n t  du r in g  th e  t im e  o f  t h i s  s o u t h e r l y  Potomac R iv er  c h a n n e l ' s  
a c t i v i t y ,  th e  l a s t  t r a n s g r e s s i v e - r e g r e s s i v e  c y c l e  r e p r e s e n t e d  in  th e  
s h o r e l i n e ,  th e  Tabb F orm ation , c o u ld  have reworked th e  sed im en tary  
record  in  th e  p r o c e s s  o f  b u ry in g  th e  p a le o c h a n n e l .  The s t r a t i g r a p h i c  
e v id e n c e  i n d i c a t e s  th e  s o u t h e r l y  ( n e a r s h o r e )  p a le o c h a n n e l  o f  th e  Potomac 
R iv er  to  be  pre-Tabb in  a g e .
Hack Creek and i t s  a s s o c i a t e d  sy stem  o f  p a le o c h a n n e ls  have  
geomorphic and s t r a t i g r a p h i c  f e a t u r e s  t h a t  f i t  w e l l  w i th  th e  model f o r  
H olocene d r a in a g e  s y s te m s .  Developm ent o f  th e  Hack Creek d r a in a g e  
system  was i n i t i a t e d  by th e  e a r l y  P l e i s t o c e n e  r e g r e s s i o n  o f  s e a  l e v e l .  
F lu c t u a t io n  o f  th e  P l e i s t o c e n e  s e a  c o n t in u o u s ly  a l t e r e d  th e  d r a in a g e  
b a s in  a r e a  o f  Hack C reek . F l u v i a l  i n c i s i o n  c o n t in u e d  in  a r e a s  n o t  
r eo cc u p ie d  by  th e  s e a  and eroded se d im e n ts  from th e  p r e v io u s  
t r a n s g r e s s i v e  c y c l e .  During r e g r e s s i v e  c y c l e s  th e  Hack Creek sy stem  
in c r e a se d  in  s i z e  and stream  com p eten cy , a f f o r d i n g  d eep er  in c is e m e n t  o f  
s t r a t i g r a p h i c  u n i t s .  The l a t e  P l e i s t o c e n e  (W isc o n s in a n )  r e g r e s s i o n  o f  
s e a  l e v e l  r e s u l t e d  in  maximum a e r i a l  ex p o su r e  o f  s e d im e n ts  a l lo w in g  th e  
form ation  o f  a d r a in a g e  b a s in  n e a r ly  t h r e e  t im e s  th a t  o f  th e  p r e s e n t  day
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d r a in a g e  b a s i n  (F ig u r e  3 6 ) .  The en su in g  l a t e  P l e i s t o c e n e  and H olocene  
r i s e  o f  s e a  l e v e l  reduced stream  g r a d i e n t s ,  c o n s e q u e n t ly  d e c r e a s in g  th e  
com petency o f  Hack C reek . The system  changed from a e r o s i o n a l  t o  a 
d e p o s i t i o n a l  p h a s e .  The seq u en ce  o f  v e r t i c a l  and l a t e r a l  d e p o s i t s  
a s s o c i a t e d  w i t h  m arine t r a n s g r e s s i o n  began t o  a c c u m u la te .  The f l u v i a l  
phase  o f  Hack Creek e v o lv e d  i n t o  an e s t u a r i n e  t r i b u t a r y  o f  th e  Potomac 
R iv e r  E s tu a r y .  S h o r e l in e  e r o s i o n  tr u n c a te d  th e  Hack Creek sy stem  and 
b u r ie d  th e  d eep er  c h a n n e ls  b e n e a th  th e  t r a n s i t i o n a l  s lo p e  and s h o r e l i n e  
f l a t s  o f  th e  Potom ac. The la r g e r  b ran ch es  o f  Hack Creek d e n d r i t i c  
d r a in a g e  were dismembered and i s o l a t e d  t o  become independent  s y s te m s .
The reduced  d r a in a g e  b a s in  s i z e  o f  th e  now in d ep en d en t  sy stem s and th e  
main stem  o f  Hack Creek cau sed  Hack Creek t o  e v o lv e  i n t o  an i n l e t - b a s i n  
ty p e  d r a in a g e  sy s te m . Hack Creek a t  p r e s e n t  r e p r e s e n t s  t h i s  ty p e  o f  
d r a in a g e .  The s u b a e r ia l  t r i b u t a r i e s  o f  Hack Creek have e v o lv e d  i n t o  th e  
t h i r d ,  or t e r m in a l  ty p e  o f  d r a in a g e -  th e  ephem eral pond. The c o n t in u ed  
r i s e  in  s e a  l e v e l  a n d /o r  s h o r e l i n e  e r o s i o n  w i l l  remove th e  p r e s e n t  ponds 
from th e  l o c a l  d r a in a g e  b a s in  and produce new ephem eral pond system s  
from o th e r  b r a n ch es  o f  Hack C reek . Once th e  Hack Creek i n l e t - b a s i n  
sy s tem  i s  s u f f i c i e n t l y  reduced  in  s i z e ,  i t  t o o  w i l l  e v o lv e  i n t o  a 
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